concentration of some 2-5 mmol/l could produce a significant in~-A) in HbA, concentration of almost 1% of total haemoglobin and that this increase appeared 10 days after the hyperglycaemia and values remained high until 30 days later, then fell to normal by 60 days after the test. These data differ slightly from those of a similar study2 in which 75 g glucose was used in that we observed a significant rise in HbA, concentration earlier.
These findings raise doubts about the validity of using HbA, concentrations as an index of time-integrated blood glucose concentration since the blood sugar concentrations of insulindependent diabetics may vary widely and frequently throughout the day. This criticism would not apply, of course, in uncontrolled or poorly controlled diabetics, in whom persistent significant increases in blood glucose concentrations produce a marked increase in HbA, values. In these circumstances there is no doubt about the value of HbA1 measurement. Perhaps, however, HbA, measurements are too sensitive in well-controlled insulin-dependent diabetics and those with mild maturity onset diabetes since our findings show that a minor transient period of hyperglycaemia will result in a significant increase in HbA1 concentrations.
It Co-oximeter.3 In eight patients we also measured arterial oxygen saturation non-invasively using a Hewlett Packard HP47201A ear oximeter before and immediately after the end of the walk. These values were corrected for the carboxyhaemoglobin concentration. 4 The patients walked at their own pace in a level corridor, the distance walked in 12 minutes (including stops if so desired) being recorded. All patients wore lightweight nasal prongs, giving either air or oxygen at a rate of 2 1/minute delivered from a cylinder that was pushed behind by a technician, who did not know what gas was being given. Six subjects also wore lightweight electrocardiographic chest leads, which permitted recording of the electrocardiogram at the end of the walk. In the other subjects the pulse rate was measured before and at the end of each walk.
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Each subject attended on two afternoons and walked four times during each afternoon. After spirometry and blood sampling they walked when breathing 2 1 air/minute, then sat at rest for 20 minutes, and then walked again breathing 2 1 oxygen/minute. After another 20-minute rest they inhaled 0-02% carbon monoxide in air from a Douglas bag through a mouthpiece and noseclip for 20-30 minutes until their venous carboxyhaemoglobin concentration was 8-12% above the initial value measured when they arrived for the study. The two 12-minute walks were then repeated in the same order as before. At the next visit, seven to 14 days later, the order of breathing air and oxygen was reversed, both before and after inhaling carbon monoxide. The results for the two walks were then pooled to eliminate any training effect and to minimise errors due to fatigue. As carbon monoxide is eliminated from the blood with a half life of four hours" it was not possible to repeat the walks with the high carboxyhaemoglobin concentrations first.
The results were analysed by the Wilcoxon signed rank test as normality of distribution could not be assumed. Values were expressed as mean ± SD or as a range.
Results
The initial venous carboxyhaemoglobin concentration when the patients were breathing air before exercise was 3-1% (range 1 1-5-4%), and this increased to 12-3% (range 9-6-1499%) after inhalation of carbon monoxide. There was a tendency for the concentration to fall during the second period of exercise, so that the mean at the end of exercise was 10-8% (range 8-5-12-8%). This, however, was a constant effect and affected equally the walks when patients were breathing air and when they were breathing oxygen, as the order of walking was reversed at the end of the second visit. Although the values of FEV1 and FVC were similar (table II) , the distance walked when breathing air varied from 252 to 1075 m in the different patients and these distances were not significantly correlated with the FEV1 or FVC.
When the distance walked by each patient was compared for the various gas mixtures (figure), breathing 2 1 oxygen/minute increased the mean distance walked by 53-7 m (p < 0-01) over that walked when breathing air without a raised carboxyhaemoglobin concentration. Increasing the carboxyhaemoglobin concentration to 12-3 ± 1-4% reduced the distance walked when breathing air by 42-7 m (p < 0 01). When patients had a raised carboxyhaemoglobin concentration and breathed oxygen the mean distance walked increased (as compared with that when breathing air with a raised carboxyhaemoglobin concentration) by 79-3 m (p < 0 01). The distance walked when breathing oxygen after the carboxyhaemoglobin concentration had been raised was significantly less than that walked when breathing oxygen before the concentration was raised (p<0 05) but was not significantly different from that walked when breathing air before the concentration was raised (p >0 1). The average distance walked did not correlate with the resting arterial oxygen tension when patients were breathing air or with the ear oxygen saturation measured either before or at the end of exercising in the eight patients in whom this was measured. The reduction in distance walked after breathing carbon monoxide was not related to the normal smoking habits of the patients, since it occurred in both current smokers and ex-smokers. The heart rate at the end of the walk was 100-136 beats/minute, always higher than the 64-88 beats/minute at rest in each patient. The mean heart rate at the end of exercise, however, was not significantly different when air or oxygen was being breathed, before or after the carboxyhaemoglobin concentration was raised. In three of the six patients in whom an electrocardiogram was recorded at the end of the walk the ST segment was depressed by more than 1 mm, but ST depression was not correlated with breathing any particular gas or with a raised carboxyhaemoglobin concentration.
Discussion
Cigarette smokers are the non-industrial group most heavily exposed to carbon monoxide,6 but the concentrations of carboxyhaemoglobin in smokers are not considered to produce symptoms. Acute carbon monoxide poisoning produces symptoms such as headache, vomiting, and coma only when the carboxyhaemoglobin concentration is over 350%. It has been suggested, however, that chronic exposure to carbon monoxide is associated with subtler changes in neurological function including an impaired ability to distinguish between short intervals of time, which is present even at low carbon monoxide concentrations.7 The carboxyhaemoglobin concentrations reached in our studies are less than those that reduce maximal oxygen uptake in normal subjects3 but above those that reduce the duration of bicycle ergometer exercise in patients with obstructive airways disease." The 12-minute walking distance is a simple and reproducible test that correlates well with other subjective and objective variables of exercise tolerance9 10 but is similar to the daily activities that are within the ability of these disabled patients.
We found that raising the carboxyhaemoglobin concentration from values found in non-smokers to values seen in patients who are moderate to heavy smokers reduced the distance that patients with hypoxic chronic bronchitis and emphysema could walk in 12 minutes. We confirmed that breathing 2 1 oxygen/ minute by nasal prongs can increase the distance walked by such patients"1 and that this effect of oxygen persists after the carboxyhaemoglobin concentration is raised. The benefit of oxygen on exercise when the carboxyhaemoglobin concentration is raised, however, is less than that before the concentration is raised, and the distance walked when breathing supplementary oxygen at a high carboxyhaemoglobin concentration is not significantly different from that covered when breathing air at the low concentration.
Changes in the oxygen content and oxygen-carrying capacity of the blood are thus associated with measurable changes in everyday exercise in these hypoxic patients. Similar increments in carboxyhaemoglobin concentration in healthy subjects do not affect oxygen delivery to exercising muscles as the cardiac output is increased to compensate. Carbon monoxide, however, reduces the maximal oxygen uptake in healthy people.3 There was a considerable variation in the distance walked by different patients, not all of whom showed a dramatic change when the carboxyhaemoglobin concentration was increased (figure). In the eight patients in whom ear oxygen saturation was measured this fell by 3-10% (mean 6-3%) after exercise when breathing air and by 5-18% (mean 766%) after exercise when breathing air with a raised carboxyhaemoglobin concentration. The fall in arterial oxygen saturation, however, was not related to the distance walked. This variable response may arise from different degrees of physical fitness or from different limitations in the cardiac output response to exercise, so that the delivery of oxygen to the exercising muscle could not be maintained in all patients when the carboxyhaemoglobin concentration was raised.
These studies have shown that continued smoking may play a direct part in the reduction of exercise tolerance seen in patients with severe chronic bronchitis and emphysema. Furthermore, the resultant raised carboxyhaemoglobin concentration would negate any benefit on exercise from treatment with portable oxygen in such patients. Thus even patients with advanced hypoxic chronic bronchitis and emphysema may derive benefit from giving up smoking with a reasonable expectation of an increased exercise tolerance.
